CONVERSION FACTORS AND VERTICAL DATUM

INTRODUCTION
Intermittent water shortages in the Neponset River Basin ( fig. 1 ) are common. Except for the towns of Norwood and Canton, which receive water from the Massachusetts Water Resources Authority, all towns in the study basin rely on ground water as their sole source of public supply. Shortages occur because the aquifers are small and discontinuous, water use has been increasing, short-term droughts prevent replenishment of depleted aquifer storage, and anthropogenic ground-water contamination has limited use of supplies. If water resources are not fully identified and management programs pursued, water-supply problems are projected to increase (Massachusetts Department of Environmental Management, 1983) .
This report presents the results of a study conducted during 1985-88 to estimate the short-term yields and describe the quality of ground water in stratified-drift aquifer areas in the Neponset River Basin. Only that part of the basin upstream from Paul's Bridge on the Neponset Valley Parkway in Milton was examined, omitting Quincy, and most of Boston and Milton ( fig. 1 ). The omitted area was not examined because of its urban development and resulting unsuitability for municipal wells. This basin study is one of a series to assess the State groundwater resources under Massachusetts Chapter 800 legislation. Work was done by the U.S. Geological Survey (USGS) in cooperation with the Massachusetts Department of Environmental Management, Office of Water Resources. The author thanks the town engineers and employees of the municipal water departments in the basin for providing information on ground-water exploration and development in their communities. Thanks also to those property owners who permitted access to their property for seismic-refraction surveying, monitor-well installation, and streamflow measuring.
Undeveloped, major stratified-drift aquifer areas in the basin were studied in detail. Short-term aquifer yields were estimated for 14 of the 15 aquifer areas previously described by Brackley and others (1973a) . Quality of ground water was described using analyses for inorganic chemical constituents, specific conductance, pH, alkalinity, trace elements, and volatile organic compounds.
Numerous reports describing ground-water conditions in the basin's municipalities have been prepared by private consulting firms. Among these include reports by Amory Engineers (1979); Geraghty and Miller, Inc. (1966 , 1982 , 1983 Linenthal, Eisenberg, and Anderson, Inc. (1984) ; Weston and Sampson (1980); and Whitman and Howard, Inc. (1939, 1973) .
DESCRIPTION OF STUDY AREA
Location and Water Use
The Neponset River Basin ( fig. 1 ) drains 117 mi2 southwest of Boston in eastern Massachusetts. It includes all or part of the towns of Canton, Dedham, Dover, Foxborough, Medfield, Milton, Norwood, Randolph, Quincy, Sharon, Stoughton, Walpole, Westwood, and the city of Boston. The total drainage area of the study basin, that part of the Neponset River Basin upstream from Paul's Bridge on the Neponset Valley Parkway in Milton, is 93.2 mi2.
The basin is in the Seaboard Lowland Section of the New England Physiographic Province. Landsurface altitudes range from about 40 ft above sea level along parts of the Neponset River in the eastern part of the basin to 470 ft above sea level on Moose Hill in Sharon. Surface-water drainage of the Neponset River generally is northeast to Dorchester Bay. Mean annual discharge of the Neponset River at Norwood is 53.9 ftVs. Average annual precipitation at the Norwood Airport is 43.7 in. and is distributed fairly evenly throughout the year (National Oceanic and Atmospheric Administration, 1987) .
Land use is primarily residential with moderate industrial and commercial activity. In 1986, average daily demand for water in the towns in the study area was 38.1 ftVs and the maximum daily demand was about 55.5 ft3/s. Of the average 38.1 ftVs used, 24.8 ft3/s was derived from ground-water resources in the basin. This amount derived from the basin's ground-water resources has remained fairly constant since 1970 and probably will not increase substantially. Overall, water use (including water imported from other river basins) in the towns of the basin increased 14 percent from 1970 through 1986 and is expected to increase 23 percent over 1986 water-use levels by the year 2020 (Massachusetts Department of Environmental Management, 1988) .
Geohydrologic Setting
Bedrock underlying the Neponset River Basin is predominantly igneous and sedimentary. The bedrock is relatively impermeable and is only moderately weathered and fractured (Chute, 1966) . Numerous private bedrock wells in the study area are used for domestic water supply. These wells typically yield only a few gallons per minute (Brackley and others, 1973b) . Therefore, bedrock aquifers in the Neponset River Basin are not suitable for large municipal supplies and were not included in this study.
Bedrock is overlain by unconsolidated glacial deposits, primarily till and stratified drift. Till, an unsorted mixture of sand, gravel, silt, clay, and rock fragments, is the sole surficial deposit over nearly 50 percent of the basin. In addition, till underlies most of the other surficial deposits (Chute, 1966) . Till has low permeability and is not considered an aquifer.
Stratified-drift deposits consist of cobbles, gravel, sand, silt, and clay of Pleistocene and Holocene age. These deposits are exposed at land surface over about 30 percent of the basin. The stratified-drift deposits are narrow and thin, reaching a maximum thickness of 130 ft in some of the bedrock valleys (Chute, 1966) . Widths range from 0.1 to 1.3 mi and lengths range from about 0.7 to 2.5 mi. Yields of wells in the fine-grained stratified drift are usually no more than a few gallons per minute, whereas yields of wells in the coarse-grained stratified drift can exceed 300 gal/min (Lapham, 1988) and form the only aquifer areas in the basin capable of sustaining municipal water supplies.
Recharge of ground water to the stratified-drift aquifers is primarily from infiltration of precipitation. Ground water moves through the aquifer and discharges into streams, lakes, and wetlands. Ground water withdrawn from the stratified-drift aquifers is derived from intercepted ground-water discharge, induced infiltration of surface water and aquifer storage.
AQUIFER AREAS
Fifteen aquifer areas shown in figure 2 were identified from a ground-water-favorability study conducted by Brackley and others (1973a) . Transmissivity of the aquifer areas was remapped on the basis of the map by Brackley and others (1973a, and test drilling and seismic surveys conducted during this study, and records of test-drilling by others that were collected. The seismic profiles in figure 3 were used to determine the saturated thickness of seven of the aquifer areas. 
SHORT-TERM YIELDS OF STRATIFIED-DRIFT AQUIFER AREAS
During severe drought, ground-water recharge and discharge is small, streamflow is low, and little surface water is stored in wetlands. Consequently, water pumped from aquifers under these conditions is derived from aquifer storage. In this report, estimates of shortterm aquifer yields were based on water available solely from depletion of aquifer storage. Freeze and Cherry (1979) define aquifer yield as the maximum rate of withdrawal that can be sustained without causing an unacceptable decline in the hydraulic head of an aquifer. In this study, an unacceptable decline in the hydraulic head of an aquifer is defined as a greater than 50 percent decline in the water table in an aquifer near the pumped well. This value was selected for consistency with similar areal studies of stratifieddrift aquifer yields in the Taunton (Lapham, 1988) , Nashua (de Lima, 1989) and Blackstone (Izbicki, in press) River Basins.
Fourteen of the potential 15 aquifer areas were selected for analysis of short-term aquifer yields. Criteria used for selecting an area for analysis was the presence of at least 40 ft of saturated aquifer material that had a transmissivity of at least 3,000 ft2/d and a horizontal hydraulic conductivity of the stratified drift of at least 100 ft/d where the well screen would be placed.
The Fowl Meadow Reservation area (area I in fig. 2 ) was the only area determined unsuitable for analysis based on the above criteria. Lithologic logs of 11 wells drilled in this area during the project (table 1) indicate a saturated thickness of about 100 feet composed of mostly low hydraulic conductivity fine sands and silts that yield only small quantities of water to wells.
The short-term yields of the 14 selected aquifer areas ( fig. 3 ) were calculated using a ground-water-flow model (McDonald and Harbaugh, 1988) , with yields expressed as a single value for several selected pumping periods. By design, the two-dimensional model developed for each aquifer is only a tool to estimate aquifer yield. These models have not been calibrated with respect to extensive ground-water-level data bases and the sensitivity of model output to changes in hydraulic properties of aquifer areas has not been evaluated. In addition, changes in the free-surface boundary that simulates the water table are nonlinear, and therefore, not additive (Reilly and others, 1987) . These models, therefore, can not be used to predict specific changes in water-table configuration resulting from proposed ground-water pumping plans, regardless of whether the initial water-table configuration is known. Results from these models are more similar to results obtained using image-well models than results obtained from fully calibrated ground-water-flow models. Because of these limitations on model use, details of model construction usually provided as part of ground-water-modeling studies have not been included in this report.
The calculations of short-term aquifer yields were based on the following assumptions about the aquifer areas and ground-water flow in each aquifer area:
1. Stratified-drift aquifer areas are homogeneous and isotropic. Distribution of aquifer transmissivity is shown in figure 3.
2. Ground-water flow is horizontal; therefore, a twodimensional model was used.
3. No ground water flows to or from the till and bedrock; therefore, the aquifer areas were simulated as being surrounded by no-flow boundaries. Aquifer areas are bounded by a line of equal transmissivity of 1,300 ft2/d ( fig. 3 ).
4. There is neither recharge nor streamflow, and neither are simulated.
5. The water table in each aquifer is considered to be flat prior to pumping and is simulated as such. Maximum pumping rates from wells were determined by simulating constant heads at model nodes where desaturation was limited to 50 percent of the total saturated thickness. To achieve the specified head, the leakage to the cell containing the well was considered equal to the pumping rate for that well for the specified time period. For the well to be of value to a municipality, it had to be able to produce at least 100 gal/min after 180 days. If the well was unable to produce that much water, it was eliminated as a potential well site. Maximum potential pumping rate was determined by the following equation to ensure that desaturation of nodes within the model did not exceed 50 percent of the total saturated thickness, as modified from Trescott and others (1976, p. 10):
Q = H. 2-B2
(D where Q is the maximum pumping rate that can be sustained assuming 50-percent desaturation of the node, K is hydraulic conductivity of the aquifer node where pumping is simulated, B is saturated thickness of the node at 50-percent desaturation,
Hw is saturated thickness to be maintained at the well (this value is a function of well construction and was set at 10 ft above the top of the screen), re is effective radius of the node in which pumping is simulated (for a square node, re is related to width of node (jc) by the following approximation: r. = i),and rw is radius of hypothetical well, which was set to 1 ft.
Results of the aquifer-yield calculations are presented in table 2. Aquifer yields ranged from 2.1 to 12.4 ftVs after 30 days of pumping and from 0.3 to 7.1 ft3/s after 180 days of pumping. After 30 days of pumping, one-half of the aquifer areas had yields of less than 5 ft3/s, and after 180 days, 6 of 14 aquifer areas had yields of less than 1.8 ft3/s. For example, if wells were situated to optimally develop the Mill Brook aquifer, yield from storage after 30 days of pumping would be 4 ft3/s; and after 180 days of pumping, the aquifer yield would decrease to 1.8 ft3/s. Aquifer yields decreased on a per day basis in all aquifer areas. Yields were related to how the physical and hydraulic factors combined to limit the number and yield of the hypothetical well sites. Aquifer transmissivity and aquifer dimensions ( fig. 3) were the critical elements in determining aquifer yield from storage. Greater transmissivity and aquifer dimension increase aquifer yield. 
QUALITY OF GROUND WATER IN THE STRATIFIED-DRIFT AQUIFER AREAS
Ground water in the Neponset River Basin is slightly acidic, is soft to moderately hard, and has relatively low concentrations of dissolved solids. The residence time of ground water in these aquifer areas is short by geologic standards, and the sediments are resistant to chemical reaction; little dissolution of aquifer materials by the ground water occurs. Sodium is the dominant cation, but calcium and iron are commonly present in significant concentrations. Chloride is the most abundant anion. Data on groundwater quality at 16 sampled wells are summarized in table 3. Locations of sample sites are shown in figure 4.
Iron and manganese, which react alike chemically, were present in concentrations that exceeded the U.S. Environmental Protection Agency (USEPA) (1988b) SMCL's of 300 and 50 mg/L, respectively in water from one-half the wells sampled. Many municipalities must treat their water to remove these constituents. Iron and manganese concentrations in the aquifer areas may often be elevated because of mixing with surface water that percolated through a reducing zone in riverbed sediments (Frimpter and Gay, 1979) . Ammonia concentrations greater than 1 mg/L in water from these wells (table 4) confirm the presence of reducing environments that can mobilize the iron and manganese.
Chloride and nitrate are constituents that generally indicate contamination by human activities. Concentrations of these constituents have increased since 1940 (Brackley and others, 1973b) During this project, water samples were analyzed for 36 volatile organic compounds (table 5) from all aquifer areas. The only compounds detected were trichlorofluoromethane, a refrigerant, in concentrations of 4.0 to 6.2 (ig/L in the School Meadow Brook aquifer, and tetrachloroethylene, a solvent, at a concentration of 4.1 (ig/L in the Purgatory Brook aquifer.
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SUMMARY
This report presents the estimated short-term yields of and the quality of ground water in 14 stratifieddrift aquifer areas in the Neponset River Basin. The major aquifer areas in the basin. These aquifer areas are thin and narrow, with saturated thicknesses as much as 130 ft and widths as much as 8,000 ft in some of the bedrock valleys. One stratified-drift deposit, the Fowl Meadow Reservation area, was examined but was considered to be unsuitable for development of municipal water supply on the basis of the criteria used in this study.
Estimates of short-term yields available from aquifer storage for the aquifer areas were made to determine yields available during severe drought. Aquifer yields ranged from 2.1 to 12.4 ft3/s after 30 days of pumping and from 0.3 to 7.1 ft3/s after 180 days of pumping.
Ground water in the basin tends to be slightly acidic, of low to moderate hardness, and has relatively low concentrations of dissolved solids. Sodium is the dominant cation and chloride the dominant anion. Iron and manganese concentrations exceeded the USEPA SMCL's of 300 and 50 |ig/L in one-half of the wells sampled during this study.
